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Czarnecki and Douglas R. Lord

suMMARY

An investigation has been made at a Mch number of 1.61 and a Reynolds
number of 4.2 x 106 of the effects of chordwise fences and attached
tabs on the hinge-mom@. characteristics of a half-delta tip control
mounted on a 600 delta wing. Tests were made over an angle-of-attack
range frcan-12° to l!2°and a control-cleflection range from -30° to 300.

Results of the investigation indicate that, in general, the effect
of fences was to improve the linearity of the hinge-moment curves and to
increase the negative values of the slope parameters of hinge moment
against control deflection and angle of attack. Results of the tab inves-
tigation indicate that only a large tab had sufficient effectiveness in
reducing control hinge moment to be of practical use snd then only when
relatively small maxtium control deflections are permissible. A COIIQUi-

son of the experimental contribution of the tab to the control hinge-
moment coefficients with that predicted by an approxhuate theory, which
did not account for viscous effects, showed

INTRODUCTION

poor agreement.

Tip controls have been proposed for use on delta wings at supersonic
speeds in order to reduce the hinge moments without adversely affecting
the control effectiveness. In contemplating the use of such control .
surfaces, the question arises as to the effect of placing “afence at the
psrting line between the wing and the control. An exploratory investi-
gation of such a fence was reported in reference 1. It is also of inter-
est to determine whether balancing tabs will be of any benefit at super-
sonic speeds. TWmsonic tests of balancing tabs have been reported in
reference 2.
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As part of a general program of research on controls an investiga-
tion is underway in the Langley 4- by 4-foot supersonic pressure tunnel

..

to determine the important parameters in the design of-controls for use
on a delta wing at supersonic speeds. The first results of the tests,
reported in reference 3, showed the effect of control>lan form and

,.fl

hinge-line location on the himge-moment characteristics for a series of ““”
tip controls on a 600 delta wing at a Mach number of 1.61.

Fuxther tests have been made to determine the eff”ectof fencesj
placed at the parting line between the wing and control, on the hinge-
moment characteristics for a tip control having approxi~tely one-fourth

—

of its area ahead of the hinge line. Tests have also been made on the
same tip control to determine the usefulness of attached tabs for reducing
the control hinge moments. The results of these tests are presented in
this paper, together with a theoretical analysis of the effect of attached

—

tabs on the control hinge-moment coefficients.
.-

All tests were made using a 600 sweptback half-delta wing with a
half-delta tip control. The wing angle-of-attack range was from -12°

—

to 12° and the control-deflectionrange, reiative to the wing, was from
-300 to 300. The tests were conducted at a Mach numbe=of 1.61 and at
a Reynolds number of 4.2 x 106, based on the wing mean aerodynamic chord
of 12.10 inches.

a

The hinge moments were measured directly by mean--of strain gages

and the control effectiveness,by means of pressure distributions. In
F.

order to expedite the publication of the fence results, only control
hinge-moment characteristicswill be presented in this~per since con-
siderable time is required for the reduction–of the pressure data. La&k
of orifices on the tabs prohibits the evaluation of the effectiveness of
the control with the tabs.

.—

SYMBOLS

M Mach number

q dynamic pressure

c1 wing angle of attAck .m

5 control deflection relative to wing (positivewhen control
trailing edge is deflected down)

5T
tab deflection relative to contro+ (positivewhen tab trailing
edge is deflected down)

--
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. s control plan-form area (excluding tab, except where noted)

SB control plan-form area ahead of hinge line
.

E control mean aero@amic chord (excluding tab, except where

.

noted)

H control hinge moment

Ch control hinge-moment

‘h increment in control
of tab

Slope parameters:

b~ c%—=-—8 C%5T

All slopes were obtained

about hinge line

coefficient, I@E

hinge-moment coefficient due to presence

3

at Q!= 0°, b = 0°, 5T = 0°, as applicable.

FH$f!!..
u’.””
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APPARATUS

Wind Tunnel

NACA RM L53D14

This investigationwas conducted in the Langley 4- by 4-foot super-
sonic pressure tunnel which is a rectangular, closed-throat, stigle- --
return type of wind tunnel with provisions for the control of the pressure,
temperature, and humidity of the enclosed air.

For the tests reported herein, the nozzle walls were set for a Mach
number of 1.6. At this Mach number, the test section has a width of
4.’5feet and a height of 4.4 feet. During the tests, the stagnation
pressure was held at 15 pounds per square inch absolute and the de’wpoint
was kept below -20° F so that the effects of water condensation in the
supersonic nozzle were negligible.

Model and Model Mounting

The model used in this investigation consisted of a half-delta wing
with a half-delta tip control surface having approximately one-fourth of
its area ahead of the hinge line (configurationE in ref. 3). The model
was modified during the various phases of the tests by the addition of
two t~es of fences and two sizes of attached tabs. A sketch of the
basic wing, the fences, and the tabs is shown in figure 1. Photographs
showing typical installations of the mmlified fence and of the large tab
are presented in figure 2. —-

The basic wing had a 600 sweptback leading edge, a root chord of
18.143 inches, and a semispan of 10.475 inches. The wing had a blunt

.

NACA 63-series nose section extending 30 percent root chord back from
the leading edge, a constant-thickness center section with a thickness
ratio of 3 percent based on the root chord, and a sharp trailing edge.
On the control surface, there was no constant-thicknessmidsection, the
nose section joining directly with the tapered trailing edge.

The full-chord fence was designed to close the angular gap between
the wing and the tip control due to theuporting of the control for a
control-deflectionrange of t30°. The modified fence was made by cutting
down the full-chord fence so that only the angular gap ahead of the hinge
line was closed. I!ethfences were attached directly to the wing. The
basic wing and control were constructed of steel. (For details of con-

struction, see ref. 3.) The fences and tabs were made-from ~-inch stock

brass.
16

.

.
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The semispan control wing was mounted horizontally in the tunnel
from a turntable in a steel boundary-layer bypass plate which was located
vertically in the test section about 10 inches from the side wall as
shown in figure 3.

TECHNIQUES AND TFSTS

The model angle of attack was changed by rotating the turntable in
the bypass plate (see fig. 3). The angle of attack was measured by a
vernier on the outside of the tunnel, since the angular deflection of
the wing and support under load was negligible. Control deflection was
changed by a gear mechanism moumted on the pressure box which rotated
the strain-gage balance, torque tube, and control as a unit. The control
angles were set approximately with the aid of an electrical control-
position indicator mounted on the torque tube close to the wing root and
measured under load during testing with a cathetometer mounted outside
the tunnel.

Control hinge moments were determined by means of an electrical
strain-gage balance located in the pressure box (fig. 3) which measured
the torque on the tube actuating the control surface. During some of
the tests, when the control was highly loaded, friction difficulties were
e~erienced In obtaining hinge moments. Checks for friction were made
throughout the tests and, whenever friction was manifest, check points
were obtained by approaching control settings from both dtiections and
friction effects were then eliminated by averaging the two resulttig
curves. Checks of this method of correcting for friction results obtained
when friction was not present (see ref. 3) indicated excellent agreement.

Tests were made over a wing angle-of-attack range from -12° to I-2°
in increments of 6°. The control-deflection range was from -30° to 30°,
usually in increments of about 5°. Near control deflection of 0° this
increment was reduced to about 2° or 3°. The large tab was tested at
tab deflections of 1.1O, -9.3°, and -19.3°, whereas the small tab was
tested at a tab deflection of -10.80 only. All tests were made at a
tunnel sta~tion pressure of 15 pounds per squsre inch corresponding to
a Reynolds number of 4.2 x 106, based on the wing mean aerodynamic chord.

PRECISION OF DATA

The mean Mach number in the region occupied by the model is esti-
mated from calibration to be 1.61 with local variations being smaller .
than to.02. There is no evidence of any significant flow angularities.
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The estimated accuracy of other pertinent quantities is .

a, deg . . . . . . . . . . . . . . . . . . . . . . . . . . . . . *O,05
~,deg. . . . . . . . . . . . . . . . . . . . . . . . . . . . . *().1
6T,deg . . . . . . . . . . . . . . . . . . . . . . . . . . . . *oal

Ch (correctedfor friction). . . . . . . . . . . . . . . . . . . *0.005

THEORJZTICALCALCULATIONS

.

The theoretical hinge-moment characteristics of’the tip control and
attached tabs were obtained by means of linearized supersonic theory
except for the parameters ‘hb and X

%X”
For these parameters, because

of the labor involved in obtaining expressions based on linear theory,
some approximate equations were derived using linear s~ersonic theory
as a basis. Details of the derivations for the increments in control
hinge moment due to the tab as a result of tab, control, and wing deflec-
tion are presented in the appendix.

.
RESULTS AND DISCUSSION

Effect of Fences ““

Hinge moments.- The variation of control hinge-moment coefficient
with control deflection for the full-chord fence and mcdified fence con-
figurations is presented in figure 4. In order to show the effect of
the fences, the variation of hinge-moment coefficient with control deflec-
tion for the basic control configuration without fences is included in
figure 4. —

The most important effect of the fences was the increased lineari~
of the curves near 0° control deflection at angles of attack where the
hinge-moment curves for the basic configuration without_fences tended to
be nonlinear (CX near 120). Worn the tests of reference 3 it was found
that for more closely balanced controls, the tendency for nonlinearities
and for regions of overbalance at all angles “ofattack *S much greater.
It seems, therefore, that some ty_peof fences, when use~ in conjunction
with a closely balanced control, would have a very desirable linearizing
effect on the control hinge-moment curve. Such an effect has been found
in reference 1, where the fence used was somewhat smaller t%an the full-
chord fence used in the subject tests.

Another important effect was that the full-chord fence (fig. 4(a))
caused a general increase in slope of the curves of hinge-moment coeffi-..
cient against control deflection at moderate control deflections at all

Xl

—

.

.
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test angles of attack. The effect of the modified fence on the slopes
of the curves of figure 4(b), however, was small and inconsistent with
increasing angle of attack.

The variation of control hinge-moment coefficient with angle of
attack for the full-chord fence and modified fence configurations, as
compared to the basic configuration, is shown in figure 5. It is appar-
ent from figure 5 that, for the angle-of-attack range of the tests, the
fences generally result in an increased linesrity in the curves of con-
trol hinge-moment coefficient with angle of attack.

Slope parameters.- In reference 3, it was found that changes in the
tip-control plan form without altering the basic wing plan form resulted
in a linear variation of C~ and C% (taken at a and b = 0°) with

the ratio of control surface-area ahea~ of the hinge line to total con-
trol surface area. Figure 6 shows how the addition of the fences to the
basic configuration affected the slope parameters obtained at a and
b = 0° as related to the correlation from reference 3.

The addition of the modified fence had little effect on the value

‘f c% but the
use of the full-chord fence resulted in a negative

increase in this parsmeter. The full-chord fence of reference 1 had
little effect on Chb as shown in figure 6(a). In the case of Cha the

addition of the fences (fig. 6(b)) caused appreciable negative increases
in the control hinge-moment coefficients due to angle of attack. The
same effect of the fence was found on the value of C

%
from the tests

of reference 1, which are shown in figure 6. from this preliminary
investigation, it appesrs that the addition of fences at the wing-control
juncture will not appreciably affect the correlation of c% but Will

cause basic flow changes which make it impossible to pIV3diCt Ch on the

basis of the correlation of reference 3.
u

Comparison with theory.- Theoretically, the aerodynamic character-
istics of a tip control with a fence installed at the wing-control junc-
ture will be dependent upon the relative size of the fence. If the fence
is sufficiently large to isolate effectively the control from the rest of
the wing, then the theoretical values of ch- and C& are the same as

the theoretical value of Chb for = isolat~d control”(shown in fig. 6

as theoretical large fence). If the fence is small enough s@ly to seal
the gap between the wing and control without protruding beyond the sur-
faces then the theoretical values of C% and C% will be the theoreti-

cal values calculated by
a fence (shown in fig. 6

linear theory f% the cas~ of a control without
as theoretical basic configuration).
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Figure 6(a) shows that the modified fence

NACARM L53D14

had little effect on Ck .
but the use of the full-chord fence resulted in an increase in the nega~
tive value of C% which brings it close to the linearized-theory value

for the basic configuration. The effect of both fences on C% (fig. 6(b)) ~

was to increase the basic control value beyond the theoretical large fence
value and toward the theoretical value for the basic configuration. In
this respect, the results of the present investigation differ from those
of reference 1 where it was found that a smaller fence produced values of

Cb
closer to the linearized-theoryvalue for the isolated control con-

fi&ation. However, the results are similar in another respect, in that
in both investigations chordwise fences had relatively little effect on
c% but caused an increase in the negative direction in Ch .

a
—

Effect of Tabs —

Hinge moments.- The variation of control hinge-moment coefficient
with control deflection for the various tab configurati@s tested is pre-
sented in figure 7 (coefficientsare based on basic control area and mean
aerodynamic chord). In general, the curves are all fairly linear and
parallel to one another except for the curves at 12° angle of attack m
which become nonlinear for positive control deflections.

Deflecting the large tab from 1.1° to -19.3° has essentially no *
effect on the slopes of the curves of hinge-moment coefficient with con-
trol deflection as is expected on the basis of linear theory. The effect
of reducing the tab chord (figs. 7(b) to 7(d)) is to reduce the slopes
of the curves, since effectively the hinge-moment-producingarea is dimin-
ished while the control area and mean aerodynamic chord on which the hinge-
moment coefficient is based is held constant.

The effect of angle of attack on the hinge-moment coefficient for the
tab configurations tested is shuwn in figure 8. Here a~in, as the tab
deflection is increased from 1.1° to -19.3°, the slopes of the curves

—

remain constant, the curves merely shifting uniformly with increasing tab
deflection as predicted by linear theory. Reducing the chord of the tab
(figs. 8(d) and 8(b)) decreases the slopes of the curves “ofhinge-moment
coefficient with angle of attack.

In order to get some evaluation of the attached tabs as a device for
balancing the control hinge moments, cross plots of the variation of con-
trol hinge-moment coefficient with tab deflection for the two sizes of
tabs were made from the data of figures 7 and 8. FYom these cross plots —

and from the plots of figure 7, values of CL and C& were obtained. —

The ratio of C% to C% is a measure of
T

“T
u

●

the tab deflection required

.
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to reduce the control hinge moment per degree of control deflection to.
zero.

* This ratio of tab deflection to control deflection required for
c% = O is plotted in figure 9 as a function of angle of attack for the

two sizes of tabs tested herein. The curve for the small tab configu-
ration should be considered somewhat qualitative because of the inaccu-
racies in determining Chbm for this configuration on the basis of only

two tab deflections (one t;b deflection in tests, but two in cross plots
because both positive and negative angles of attack and control deflection
were investigated). FYom figure 9, it can be seen that the small tab
required very large ratios of &@ for trhmning out the control hinge
moment throughout the angle-of-attack range. Even the large tab required
a sufficiently large ratio to discourage its use as a ge=ed or servo tab
except if relatively low maximum control deflections are permissible. At
0° angle of attack, the small tab required a range of bT/b ratio 3.3
times greater than did the large tab although the area ratio of the large
tab to the small tab is only 2.3:1. As the angle of attack is increased
to 12°j the relative effectiveness of the tabs in reducing the control
hinge moments becomes more proportional to the sxea ratio. The relatively
large loss in effectiveness of the small tab as compared with the large
tab at small angles of attack probably results frcxnthe fact that the vis-
cous effects near the control trailing edge (shock—boundary-layer inter-

. action, boundary-layer separation) remain relatively fixed in magnitude
as the tab chord is decreased and, consequently, a larger proportion of
the small tab is adversely affected. At higher angles of attack, the
upper surfaces of both tabs are probably affected by separated flow, but
the lower surfaces have emerged into the main airstresm. (Note that

C%T
was obtained at bT = OO.) Inasmuch as the flow conditions are

then probably very similar for both tabs, the tab effectiveness is pro-
portional to their area.

Slope parameters.- The effect of the tabs on the correlation of C

and c% with th
%

e correlation curves established in reference 3 is shown

in figure 10. In order to make the comparison the parameters were com-
putedby assuming that the tab was an integral part of the control
(including control area and mean aerodynamic chord) and that the tab
angle was fixed. For the range of tab deflections investigated on the
large tab the angle at which the tab was set had no noticeable effect on
C~ or C~. This independence of c% and C% of bT was assumed

to hold for the small tab for which no results with near 0° tab setting
were obtained.

The results indicate that the effect of both large and small tabs
on CM was to make it more negative without seriously affecting the

.
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correlation. In the case of C% the use of the small tabs again

slightly decreased the value of the slope parameter as compared to the”
basic control without greatly affecting the.correlation. The use of the
large tab, however, resulted in such a large_decreaseJn

%2
as to make

the correlation of questionable value. It should be n’oted,nevertheless,
that nearly half the discrepancy between the correlation curve and the
value of C

%.
for the control with the laxge tab is due to the basic

control itself; hence, the correlation may still hold for the same tab
installed on one of the other tip-control plan forms reported in refer-
ence 3.

Comparison with theory.- A comparison of the increments in hinge-
moment slope parameters N~T, ~~, and AC% with those predicted

for the tabs by linearized su~ersonic theory or by some approximate
expressions derived on the basis of linearized theory (see appendix) is
presented in table 1. TWO sets of approx~-t-e--equations were used to
obtain &

%
and LC

b“
One set of equations involved the use of

weighting factors based on the ratio of actual tab area to full-span
tab area (full control or wing span depending upon parqmeter involved)
and on the ratio of average pressure across tbe tab to average pressure
across the control or wing span (again depending upon parsmeter involved).
The other set of,equations omitted the weighting facto!; based on average
pressures. Experimental values of the hinge-moment parameters for the
small tab were obtained by assuming that the effects of changes of tab,
control, and wing deflection could be isolated as in ligear theory.
Tests on the large tab confirmed this assumption.

The comparison indicates that the experimental vaiues of N&

were considerably smaller than those predicted by lineti theory wi% th–e
agreement for the small tab being the poorest. These discrepancies
between theory and experiment may be explafruedby the fact that the.tabs
operate in a relatively thick boundary layer off the whg. Since the
small tab has a very small chord the viscous effects m-e proportio&l@–
larger for this tab.

ln thecase‘f ‘%’ the experimental values were considerably

higher than the theoretical ones obtained with both weighting factors
and in fairly good ageement with the theoretical values obtained by
omitting the pressure weighting factor. The large difference in theo-
retical values is due to strong influence of tab location across the
control span when the pressure weighting fackor is usetL

In the case Of ~h , the experimental

agreement with the theor~tical results, the

values are in even poorer

&perimentaZ ialues again

.
—

r.

-.

—.

-.

—

.

.
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. being larger. The difference between the theoretical values in this
instance is smaller than in the case of LX~ because of the relative

location of the tab on the wing span. Since-the theoretical values
obtained with the use of both srea and pressure weighting factors are
not expected to differ by any large amount from those that would be pre-
dicted by exact linearized theory it may be concluded that exact linear
theory without accounting for viscous effects cannot be used to predict
theoretically the supersonic speed characteristics of the type of tabs
covered in this investigation.

CONCLUSIONS

An investigation has been made at a Mach number of 1.61 and a Reynolds
number of 4.2 x 106 of the effects of chordwise fences and attached
tabs on the htige-moment characteristics of a half-delta tip control
mounted on a 600 delta wing. Tests were made over an angle-of-attack
range from -12° to 12° and a control-deflection range from -30° to 30°.
Analysis of the results indicates the following:

1. In general, the effect of fences was to improve the linearity of
the hinge-moment curves and to increase the negative values of the slope
parameters c% and c%. The full-chord fence had a ~eater effect on

.
the slope parameters than did the smaller modified fence.

2. Only the large tab had sufficient effectiveness in reducing con-
trol hinge moments to be of practical use and then only when relatively
small meximum control deflections are permissible.

3. Approximate theoretical calculations, based on linear theory
without accounting for viscous effects, of the control hinge-moment
coefficients due to the tabs, were unsuccessful in predicting the experi-
mental results.

Langley Aeronautical Laboratory,
National Advisory Committee

Langley Field, Va.
for Aeronautics,
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APPENDIX

DERIVATIONS AND FCRMULAS FOR ~h ,
5~
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--

.

According to linearized supersonic theory, the incrment in control
hinge moment due to a trailing-edge tab may be considered to be made up
of three parts: the increment in control hinge moment-due to tab deflec-
tion AL!

%T’
the increment in control hinge mcment due to the tab as a

result of control def>i?c~i~ M!~, and the increment in control hinge

moment due to tlie-%b as a result of a change in angle of attack AC!~.

The linearized theory expression for EL m is short and, hence, is
“.L

derived directly. The derivation of the exact linearized-theory expres-
sions for K ~ and B& require considerable labor; hence, in their

place are derived some simpler approximate equations. Most of the quanti- - _
ties used in deriving the expressions are defined in the sketches of
figure 11. The equations are valid only when
of the wing leading edge.

Hinge-Moment Parameter

The lift coefficient and pitching-moment

the Mach line lies ahead #.-

M~
T

coefficient about the half-
chord point for an isolated re&ngular wing are, respectively, (ref. 4)

and

where

p+?-1 A = Aspect ratio

GIJXXE.E.

(1)

(2)
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and

Dividing equation (2) by equation (1) to obtain
tion ahead of tab half-chord point, multiplying

13

center-of-pressure loca-
the result by ctlcf to

give the distance in terms of the control chord, adding the distance from

the control hinge line to the tab half-chord point (fig. n(a)) ~+%
2cf’

and multiplying the total expression by 3/2 give the center-of-pressure
distance from the control hinge line Xcp in terms of the control mean

aerodynamic chord as

Xcp

[

3xh+ct
—=. —— -

~f 2 Cf 2cf

The final expression for the increment

1( )11 Ct

:2$At-1~
(3)

in control hinge moment due to tab
deflection is then obtained by multiplying the lift, equation (1), by the

. ratio of tab sxea to control area and by the moment-arm expression of
equation (3). The result is

12 % % ( )( )1 X&l+%-: 1 2~% .-_—_l-—

P bf Cf f2@& cf
(4)

T 2cf 62@~-lcf

Hinge-Moment Parameter
%

The pressure distribution over one surface of a half-delta tip con-
trol is givenby (ref. 5)

(5)

which can be integrated
of the control for both

over the control area to give the hinge moment
surfaces as

. -( )[i i=+c%=- ‘“m ‘-3fip(l + m) cf
(1 + m)tad~] (6)

iik!im-



If the hinge mcunent is computed for the control surface ADE (fig. Ii(b)) and reduced to the area
and mean aerodynamic chord of control surface AK!, the hinge moment due to the &b WED is found

by subtracting the hinge mcinent for control AW frcm that of control ME to be

Now the ratio of tab area FGHI to

and the ratio of average pressure

is found from

tab area ~~ iS

Tab area FWII bt 2cf
.—— (8)

ThII area WED bf 2cf + ct

across the tab FCHI to the average pressure across the tab ECED

:. i’

cPaV (l’MbFGHI)

c~av (Tab ICED)

I

. ,.’

,“. ,”, I



, ,

to be

where

3.
.=Bti-~-:+-:).sin-l~ -;+-:)

I
%

In order to obtain the fhal equation for lf!~, equation (7) is multiplied by the area ratio

of eqution (8) and the average pressure ratio of equation (9). me final result is

%
[

][_~(_J)-.-E.=--- ~ + (l+m)tan-lliF
I

m P(1+ m)



If the weight- factor of average pressures (eq. (9)) is omitted, the eqpation for the incre-

ment in hinge moment simplifies to

%=-%%j [ 1[-R-%-$)-(?-$HR@+(1 + m)tan-l @

-1

(11)

Hinge-bent Parameter ~

$+

34 The pressure distribution over one surface of a triauqiw

: where E (iii) m2 iS a canplete elliptic integral Of the second

Integration of this pressure di.stxibution over both surfaces of

wing is given by (ref. 4)

(M)

kind with, modulus 1==
the wing results in

(13)
I

!2

with the center of pressure at 2/3cf from the W@ al?=. If the manent of wing ADE (1’ig.11(c)) ~

about the control hinge line is found and reduced to the dimensions of wing ABC, then the hjnge

moment due to the tab WED is found by subtracting the moment of wing AEC about the control hinge
2

llne frcxu that of wing AIM and converting the result fran the basis of wing area AW. and wing G

3

.

I ,

I
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.

root chord
result is

&h=-
a

to control area and control mean aerodynamic chord. The

The ratio of area of tab FGHI to tab BCED is

Tab area FGHI bt 2CW

!Ikbarea I!CED‘G2cw+ct
(15)

and the average pressure wer tab FGHI to average pressure over tab BCIID
is found from

c
Pav

tab FGHI
~t*~dt

=

cPav
tab ICED

%+.(..)~!3E(r:)~dt

to be

c tab FGHI
P

0( )(

-1 %2

)

-~ tl
av ~ 2~+ct sin ~-sin ~

cPav
tab BCED = ~ 2CW 11

z

(16)
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In order to obtain the final equation for ~~y equation (14) is multi-

plied by the area
of equation (16).

‘%Z=-

—
ratio of equation (15) and the average-pressure ratio
The final result is .—

( )](Xh
~ )-12 - Sti-l ‘1

sin
%-3 m z

If the weighting factor of average pressure .isomitted, the equation
changes to

(17]

.

.

(18)
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TABLE I

OF TIEMRETICAL AND EXPERIMENTAL VALUESCOKFARISON

OF HINGE-M1411NT PARAMWEM

Theoretical values

Hinge-moment Experimental
!kb

Approximate theory
parametm value Exact UJlear with area and Approximate theory

theory pressure ueightimg
vith exea weighting

factors factors only

Lexge
%,

-0.0039 -0.0048

hall -.0010 -.0021

krge
%

-.0038 -0.0021 -0.0033

hall -.coa -.oo@ -.(K)14

krge
‘%!

-.0U88 -.0Q47 -.0Q45

Wll -.0c46 -.0020 -.0018

. :,
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.

Figure 2.- Photographs of model showing modified-fence and large-tab
installation.
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Figure 3.- Sketch of test setup.
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